RADIO TELEGRAPHY. 


INTRODUCTORY. 


During the war, the functions of the Radio Division covered the 
maintenance of the transoceanic high-power radio systems, of the 
radio navigational stations, and of the coastal ship and shore radio 
stations. It included also the design, installation, and upkeep of all 
radio apparatus on naval vessels, on those of the Shipping Board, 
and, in fact, on all vessels and aircraft operated by the Government, 
except those owned by the Army. To these duties—almost world- 
wide in their scope—were added continuous and urgent research 
and development in all lines relating to radio apparatus. 


RADIO DEVELOPMENTS DURING THE WAR. 


The principal developments in radio apparatus by the Navy dur- 
ing the war were: 

1. An increase in the efficiency of the transoceanic radio service, 
together with such a growth in the nmaber of stations that radio 
must now be considered as a competitor of the ocean cables. 

2. The development of the radio compass to aid in navigation, 
and also its installation for practical operation. 

3. The development of radio equipment for aircraft from ranges 
of 100 miles to a range of 500 miles. a 

4, The concentration, with resultant conservation. of the radio 
personnel and radio facilities for all departments of the Govern- 
ment—except the Army. whose service was distinct—by placing all 
radio design and maintenance under the Navy. This system per- 
mitted an immense amount of work to be carried on effectively in 
connection with the design, purchase, installation, and upkeep of 
radio equipment for practically all Government and merchant ves- 
sels operating from ports in this country. 

5. The taking over and maintenance for traffic use of all privately 
owned radio stations. 

6. The establishment of repair facilities abroad at the various 
naval bases for installing and maintaining radio equipment at naval 
bases. 

7. The installation of radio telephone equipment on all naval ves- 
sels and aircraft. 
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As a basis for carrying on the work noted above, the Bureau 
adopted the policy of using the available facilities and engineering 
personnel of existing firms, even though these facilities were at times 
inadequate. It was decided that such a system would be more ad- 
rantageous than starting an entirely new company on the large 
scale necessary to meet the urgent requirements of war. This policy 
proved to be a sound one. There is no known case in which any 
vessel was delayed through failure to provide promptly a radio 
installation. 

It is a pleasure to make acknowledgment of the hearty and 
thorough cooperation of the radio engineers in civil hfe and the 
yarious radio manufacturing companies, who gave their whole time 
to Government requirements during the war, and who carried out 
willingly every request and suggestion made by the Bureau. 


HIGH-POWER RADIO TRANSMISSION. 


In order fully to appreciate the recent developments in the art 
of high-power transmission it 1s desirable to review briefly its prog- 
ress prior to the commencement of the war. 

Historically,. the first long-distance transmission by radio was 
effected in 1901 by Marconi between Newfoundland and Ireland; in 
1908 he established a commercial radio service between Nova Scotia 
and Ireland. In 1911, the Federal Telegraph Co. started experi- 
ments, and in 1912 established a circuit between San Francisco and 
Honolulu, which was immediately opened to commercial service. At 
about this time the Navy Department had completed the installa- 
tion of a large equipment at Arlington, Va., which communicated 
across the Atlantic, and a German company established a station at 
Sayville, Long Island, which communicated with Germany. In 1914 
the American and English Marconi companies established stations in 
Hawaii, California, New Jersey, and Massachusetts, and also in 
England and Norway; and a German company opened a station at 
Tuckerton, N. J., for communication with Germany. 

Until the beginning of the European war most of the high-power 
radio equipments in existence—other than those of the United States 
Navy—were of the “spark” or damped-wave type; the only excep- 
tions to this being the installations of the Federal Telegraph Co. and 
of the foreign-owned company at Tuckerton, which were are and 
alternator systems, respectively, or of the undamped-wave variety. 

Prior to this period the advantages of the undamped equipment 
over the damped became very apparent, and the Navy. acting 
through the Bureau of Steam Engineering, adopted the arc svstem, 
the first station erected being at Arlington. Va., and followed by 
‘others at Darien, Canal Zone; San Diego, Calif.; Pearl Harbor, 
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Hawaii; and Cavite, P. I. These new naval radio stations were by 
far the largest ever erected and have been in successful operation 
since their completion. A large number of medium-powered stations 
were also built. 

Conditions when the United States entered the War—At the time 
of the entry of the United States into the world war the following 
large radio stations were in use: 

U.S. Navy, for trans-Pacific work: 
Cavite, P. I. 
Pearl Harbor, Hawaii. 
San Diego, Calif. 
U. S. Navy, for trans-Atlantic work: 
Arlington, Va. 
U.S. Navy, for other work: 
Darien, Canal Zone. 
Private companies in United States: 
Federal Telegraph Co., for trans-Pacific work— 
Lents, Oreg. 
South San Francisco, Calif. 
Heeia Point, Hawaii. 
Marconi Co., for trans-Pacific work— 
Bolinas, Calif. 
Kahuku, Hawaii. 
Marconi Co. for trans-Atlantic work— 
New Brunswick, N. J. 
German-owned station for trans-Atlantic work— 
Sayville, Long Island. 
Foreign-owned, other than German— 
Tuckerton, N. J. 


Upon the declaration of war, the Navy Department seized all of 
the above privately owned properties. 
The stations in Europe capable of trans-Atlantic communication 
. - : 
were: English, Carnarvon, Wales; Norwegian, Stavanger; German, 
Nauen: Eilvese. 


DEVELOPMENT DURING THE PERIOD OF THE WAR. 


Communications in the Atlantic—In August, 1917, owing to the 
necessity for increased trans-Atlantic communication, a joint con- 
ference was arranged by the Bureau between representatives of the 
Navy Department, the War Department, and of members of the 
French Communication Service then in the United States. This 
conference was called at New London, since that was the point where 
experiments were being conducted by the Navy Department in con- 
nection with antistatic devices for receiving purposes. 

During the conference. a plan was submitted by the Bureau which 
was subsequently adopted, concerning necessary developments for 
trans-Atlantic communications. The elements of the plan were as 
follows: 
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1. The establishment of three receiving stations along the Atlantic 
coast of the United States connected with Washington by leased 
wires. 

2. The enlargement of. and duplication of, equipment in existing 
high-power stations. 

3. The erection of an additional station in the United States, so 
that a final plan of five transmitting stations might be fulfidled. 

4. The provision of sleet-melting equipment for the various trans- 
mitting station antenna systems, in order to assure freedom from ice 
during the winter season. 

5. The recommendations to the French representatives, for de- 
velopment in the allied countries, of the multiple sending and receiv- 
ing station plan agreed upon for the United States. 

6. The further recommendation that a superhigh-power station he 
erected abroad as an additional channel for trans-Atlantic com- 
munieation. 

The adoption of this plan led to the erection, of the Annapolis 
station in the United States and the Lafayette station in France, as 
mentioned subsequently. 

In order to mcrease the reliability of trans-Atlantic radio com- 
munication, the Bureau let contracts for the erection of a large sta- 
tion at Annapolis, Md., to be a duplicate of the Pearl Harbor sta- 
tion, with a power of 350 kilowatts. This installation, was later in- 
ereased to a size of about 500 kilowatts. The plant was to be 
equipped with four 600-foot towers. The Annapolis station was 
completed in September, 1918, and has been in continuous use since 
that time. 

The construction of the Lafayette (Bordeaux) station was an im- 
perative war measure, since enemy operations might cause failure of 
the trans-Atlantic cables. The tower foundations and buildings 
were to be furnished by the French Government. The project was 
started, and a working detachment of nearly 600 officers and en- 
listed men was sent to France. On the day of the armistice, prac- 
tically all material had been delivered, and the towers and buildings 
were well under way. This plant, as finished, contains two 1,000- 
kilowatt arc transmitters and has an antenna system 1,320 by 5,280 
feet supported by eight 820-foot self-supporting steel towers. The 
station has been completed by the Navy Department under contract 
with the Republic of France. It was tested in September, 1920. 

In 1918, when it became evident that overseas communications 
might be interrupted by the attack of enemy submarines on the 
eable systems, steps were taken to erect on the Atlantic coast of the 
United States a station which would have suflicient power to insure 
communications with Europe at all times. The site selected was at 
Monroe, N. C., and on November 11, 1918, the project had been 
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developed to the point where all essential design work was complete, 
and contracts were ready to be awarded for the entire plant. The 
station was to have been equipped with four 500-kilowatt radio 
transmitters and four antenna systems, supported on a total of 20 
600-foot self-supporting steel towers, each antenna being 5,000 feet 
long. This plant would have been from two to four times more 
powerful than any existing radio station. The project was, how- 
ever, abandoned after the signing of the armistice. 

The German-owned station at Sayville, Long Island, was turned 
over to the Navy Department by the Alen Property Custodian, and 
equipped with a 200-kilowatt are transmitter and other improve- 
ments. which were ready for use in July, 1918. The foreign-owned 
station at Tuckerton, N. J., was supplied with a 100-kilowatt are 
transmitter, and an additional boiler and generator, which equip- 
ment was required in order to insure reliable communication from 
that station. 

The Bureau also had under construction at Cayey, P. R., a 200- 
kilowatt station. ‘ 

The Marconi station at New Brunswick, N. J., was being provided 
with a new type of equipment when taken over by the Navy. A 
temporary installation was made in 1917, which rendered valuable 
service for trans-Atlantic work in the winter of 1917-18. In Sep- 
tember, 1918, a permanent transmitter was installed and put in 
operation, which has been in almost continnal use ever since. This 
is the best station operated by the Navy Department during the 
War. 

During the year 1917, some communications with European sta- 
tions were carried on by the Sayville and Tuckerton stations. Other 
communications were carried on at various times with the experi- 
mental equipment at New Brunswick. The severe winter of 1917-18 
wrecked the antennas at nearly all of these stations, and up to July, 
1918, the Tuckerton station constituted the main reliance. The 
French Government meanwhile established a new station at Nantes, 
Trance. 

In July, 1918. the control of the American stations was moved 
trom Belmar, N. J., to Washington, D. C., where it was centralized. 
At the date of the armistice, trans-Atlantic communications had be- 
come very well organized, and continuous transmission was car- 
ried on from Sayville, New Brunswick, Tuckerton, and Annapolis, 
in the United States: and in Europe from Carnarvon, England; 
Nantes and Lyon, France; Rome, Italv; and Nauen, Germany. The 
Nauen station was operated, of course, by the enemy, and all of its 
communications were intercepted in the United States. 

Trans-Pacific communications —The need for additional radio 
communication facilities in the Pacific was felt because of military 
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operations in Eastern Siberia, and cousequently, at the request of 
the commander of the Asiatic Fleet. a former Russian station on 
Russian Island, Vladivostok, was oecupied, and the Saturn de- 
tailed to transport the equipment and installation crew from San 
Francisco, Calif. The equipment was temporarily removed from 
the Heeia Point station, Hawaii, which station the Navy Depart- 
ment had meanwhile acquired from the Federal Telegraph Co. by 
purchase. The Vladivostok station when put in operation was of 
material assistance to our troops in Siberia. 

A new equipment was installed in the Heeia Point station, Hawaii, 
and that plant is again in operation. Subsequent to the date of the 
armistice, commercial radio service was opened between the trans- 
Pacifie stations, and this service still continues. 

Summary of chief results—The period of the war has seen a 
rapid development toward higher powers in radio stations for long- 
distance communication. This higher power is required for relia- 
bility in communication, particularly when heavy “ atinospherics ” 
exist. From a military viewpoint, this requirement is absolute. 
Prior to February, 1917, 850 kilowatts in power was considered the 
upper limit. The Annapolis station of 500 kilowatts, however, repre- 
sented a material increase. The Lafayette station has a further rise 
to 1,000 kilowatts. and the proposed Monroe station was designed 
for a total power of 2.000 kilowatts. The Navy is thus emerging 
from the war with a 1.000 kilowatt station to its credit, whereas. but 
for the war, 350 kilowatts would probably have been the upper limit. 

The war period has also seen the complete abandonment. of 
“spark” transmitters for long-distance communication. The de- 
velopment of “are” transmitters has been rapid. The Federal 
Telegraph Co., of San Francisco, Calif., has been the only organiza- 
tion which has furnished equipment of this type. During the war, 
the General Electric Co. developed the most efficient type of high- 
power transmitter thus far produced, namely, the Alexanderson 
alternator with which the New Brunswick station is equipped. 

Personnel.—laieut. Commander George C. Sweet, U. S. Navy (re- 
tired), whose experience in high-power radio work had been exten- 
sive, was placed in direct charge of the radio work on the .\nnapolis 
and Lafayette stations, and in July, 1918, was ordered to France as 
commander of the radio detachment for the construction of the 
latter. It is due in no small measure to his efforts that work was well 
advanced when the armistice was signed. He was assisted by Lieut. 
A. M. Stevens, U.S. Naval Reserve Foree. Upon Lieut. Commander 
Sweet’s return to the United States, the work was placed under the 
direction of CapteA. St:C. Smith, U. S. Navy. 

The design and erection of the towers of this station were under 
the direction of the Bureau of Yards and Docks. 
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Contractors ——The Bureau was given hearty support and assist- 
ance by the Federal Telegraph Co. and the General Electric Co. The 
former designed and installed the radio equipment at Sayville, 
Tuckerton, and Annapolis, and also designed the equipment for the 
Lafayette station. The latter, with the equipment of the New 
Brunswick station, made available to the Navy Department its best 
station during the war. Mr. Alexanderson, of the General Electric 
Co., also gave some assistance in the design of the proposed Monroe 
station. 

THE RADIO COMPASS. 


In the early part of 1916 the desirability of having a means for 
ascertaining the location of radio transmitting stations became ap- 
parent to all persons having to do with the radio system of communi- 
cation. Apparatus for this purpose had already been developed to 
some extent abroad, the system employed being known as the Bellini- 
Tosi system of radio direction finding. Its early operation was com- 
plicated and subject to many inaccuracies, which made it unsuitable 
for naval vessels. 

With a view of improving apparatus for this purpose, Dr. F. A. 
Kolster, of the Bureau of Standards, made a study of the problem 
and discovered that a coil of wire wound on a rectangular frame 
mounted in such a way that it could be rotated was adapted for 
ascertaining the direction of radio waves. His experiments proved 
that a coil placed in a plane at right angles to incoming radio waves 
is unaffected and current is not induced in the coil. Turning this coil 
through an are of 90 degrees resujts in a maximum flow of current in 
its winding. He applied this principle to an instrument which was 
called the Kolstermeter. Its operation was simple, inasmuch as the 
only adjustment necessary was the regulation of the receiver to the 
proper tune for the incoming wave and then to rotate the coil and 
notice on the dial attached to the shaft the number of degrees dis- 
placement of the coil from a true north and south line. The coil sys- 
tem was adopted by the Navy, on account of its simplicity of opera- 
tion and accuracy within prescribed limits, after exhaustive tests and 
comparisons had been made with it and the Bellini-Tosi apparatus 
then manufactured. 

The Bureau secured the exclusive rights to the patents from Dr. 
Kolster for a period of two years in order to keep it confidential, and 
the Philadelphia Navy Yard was authorized, about the middle of 
1916, to proceed with the manufacture of 30 Kolstermeters of the coil 
type. The principle and details of the apparatus were kept closely 
guarded. As one of the precautions, the name was changed from 
Kolstermeter, by which it had become known, to that of “ radio com- 
pass.” Experiments were begun at the same time at the Pensacola 
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and Philadelphia Navy Yards with a view to developing this com- 
pass for use in connection with the navigation of aircraft. 

Such success was obtained with the experimental apparatus first 
installed at the Philadelphia radio station that in November, 1916, 
the Director of Naval Communications requested that the hen 
remain as a permanent installation in order to locate unneutral radio 
stations. As other sets were completed they were installed on ves- 
sels of the Atlantic Fleet. 

The value of the radio compass in locating enemy craft and making 
contact with convoys during thick weather was demonstrated on 
numerous occasions. As an example of the assistance given in such 
cases the following quotation, “ Extract from War Diary, 11 Novem- 
ber, 1918,” may be cited: 

The commanding officer Benham has reported concerning an instance of the 
successful use of the rudio compass on that vessel when Benham gave a bear- 
ing from convoy to Parker, which had been unable to regain a lost contact. 
Parker set her course by the bearing given and rejoined the convoy without 
difficulty. 

The apparatus placed upon the first vessels was of a more or less 
unwieldy type, but further experiments and development resulted 
in the design of a more compact coil, suitable for installation on 
destroyers and smaller vessels. 

The early installation of the radio compass apparatus brought out 
the fact that incoming radio waves received from a distant ship or 
shore station are distorted by surrounding metallic objects or wires 
and that it was necessary to calibrate the compass for these errors. 
This work was assigned to the navy yard at Boston, and was done 
principally at Newport, in order that the ships might be calibrated 
when they went to that place to receive a supply of torpedoes. 

This work was considered of such importance that an officer, En- 
sign Bowden Washington, U. S. Naval Reserve Force, was detailed 
to the Boston Navy Yard to supervise radio compass calibration and 
installation, with orders to travel to any yard or station on the At- 
lantic coast. The work grew so rapidly that other officers of the 
reserve had to be detailed to assist. 

For vessels in foreign waters complete installations were shipped 
to Queenstown, Ireland, where they were installed under the super- 
vision of Mer. A, Forbes, U.S. Naval Reserve Force. 

In June, 1918, sites were selected for radio compass shore stations 
and preparations were made for their equipment, but the necessity 
for concentrating the available employees’on ship installation work 
prevented any of these stations from being finished before the sign- 
ing of the armistice, though the most important ones—for Boston, 
New York, Delaware Bay, Chesapeake Bay, and Charleston—to 
which troopships returned, were completed shortly thereafter. the 
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ones for New York in time to furnish bearings to our battleships on 
their return December 26, 1918. The sites for these stations were so 
selected that three stations would cooperate to furnish cross bearings. 
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Data of much practical value have been obtained by the establish- 
ment of these stations and there is no doubt that they are destined 
to become a most important aid to navigation. 


THE RADIOTELEPHONE. 


Prewar work.—Prior to the war, the radiotelephone activities of 
the Navy Department had included the long-distance experiments 
carried out at Arlington in conjunction with the Western Electric 
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Co. In these experiments, telephone conversations were held with 
Darien, Canal Zone, 2,100 miles away, and with Mare Island on the 
Pacific coast. a distance of 2.500 miles. Speech was also transmitted 
to Paris, 3,600 miles distant, and to Honolulu, 6.000 miles. 

Tests had also been made between Arlington station and the Vew 
Hampshire. In these experiments, conversations were conducted by 
remote control between the Navy Department, Washington, and the 
battleship while she was 50 miles off Cape Henry. Similar conversa- 
tion also took place between this ship and the Great Lakes naval 
station. In this case, the communication was carried from Washing- 
ton to the Great Lakes station over the long-distance telephone lines. 

The possibilities of the radiotelephone for naval uses had been 
realized by the Bureau and arrangements had been made with the 
Western Electric Co. for that organization to develop an equipment 
suitable for standard installations on battleships. The first two of 
these sets were placed on the -lrkansas and /lorida in February, 
1916, and a satisfactory two-way conversation was held over a dis- 
tance of 30 miles. Other sets, designed by the Western Electric Co., 
were installed on the Pennsylvania, Wyoming, and Seattle. These 
latter sets were capable of multiplex operation, so that nine conver- 
sations could be carried on and three wave lengths utilized. 

War activities—The first radiotelephone equipment constructed 
for war purposes was built by the Western Electric Co., in March, 
1917. It comprised 15 experimental sets for possible use on sub- 
marine chasers. These sets were of the continuous-wave, vacuum- 
tube type, and were intended primarily for telegraphic communica- 
tion, but were equipped also with telephone and modulating attach- 
ments. 

These sets were soon replaced by a highly improved type which 
consisted essentially of a complete telephone transmitter and _re- 
ceiver, arranged to operate on wave lengths from 200 to 600 meters, 
with a normal operating distance between vessels of 10 nautical 
miles. It was provided with an extension designed originally for 
the pilot house of submarine chasers. The installation is shown in 
figure 1. During the war, approximately 1,000 of these sets were 
placed on submarine chasers, destroyers, and battleships, and were 
of inestimable value in the antisubmarine campaign. 

One of the most important developments in radiotelephony dur- 
ing the war was the installation of a 200-kilowatt high-frequency 
alternator of the Alexanderson type at the former Marconi station, 
New Brunswick, N. J., and the adaptation of apparatus to this equip- 
ment to permit its use as a long-distance telephone transmitter. This 
alternator is shown in figure 2. It is of historic interest that this 
transmitter was used to direct the first message to Germany after 
our entry into the war. 
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For operation with the New Brunswick station, the George Wash- 
ington was equipped with a radiotelephone transmitter of the vac- 
uum-tube type, whose controls are illustrated in figure 3. In the 
extreme lower section of the panel shown, there are located the 
smaller vacuum tubes for amplifying the feeble electrical currents 
from the microphone transmitter, together with auxiliary apparatus. 
The power is obtained from the ship’s direct-current mains. The 
high voltage for the plate circuits of the vacuum tubes and the low 
voltage for the filaments are supplied from motor generator sets. 
The receiving apparatus is shown in figure 4; it is operated from a 
separate antenna. “Two-way,” or duplex, operation with this sys- 
tem has been entirely satisfactory. The entire transmitting and re- 
ceiving equipment was developed and manufactured by the General 
Electric Co., working in cooperation with Lieut. (j.¢.) W. Lemmon, 
United States Naval Force, of the Bureau of Steam Engineering. 

Numerous telephone tests were made between the George Wash- 
ington and the station at New Brunswick throughout a period of 
three months. To supervise these tests, Lieut. Lemmon was assigned 
to the ship as representative of the Burean, and Messrs. J. H. Payne 
and H. H. Beverage as technical representatives of the General 
Electric Co. 

Telephone conversation from New Brunswick was heard by the 
George Washington while lying in the harbor of Brest, a distance 
of 3,200 miles, and conversation was carried on both ways while the 
ship was still 1,300 miles at sea. The New Brunswick station trans- 
mits on 13,600 meters and the George Washington on 1,800 meters. 

This radiotelephone system also enabled the President and various 
officials traveling on the George Washington, to keep in touch with 
our shores. To effect this, New Brunswick’s radiotelephone was 
connected up to land wires, so that direct conversation with Wash- 
ington and other points could be had at sea. 

In one case, Secretary Daniels spoke from the Navy Department 
to President Wilson while the ship was 400 miles from our coast. 
Figure 5 gives a photographic representation of the variation of 
modulation and arftenna currents in this conversation. Secretary 
Baker, also, returning on the George Washington, called wp Acting 
Secretary Roosevelt while the ship was 200 miles at sea, and arranged 
some plans for his return to Washington. 

It should be noted that, in addition to the radiotelephone develop- 
ments which have been described, there have been carried on also, 
during the war, all of the applications of this telephone to aircraft. 
These applications will be considered in another section. 


omnes tae 
a7 - of 
- - saan 
a, 
ka ae an 
8 
nana 
SUOTPIIUUMOD Jos vmToyds[o] TOS EY O-quw aes 
. « ° 
ar aa 
a 
437 Pwd3Ia Covw oa 
yoo MD ola aoe 
” 
U[n te O16re me) aaAae 
ase OW #68 Wy ec RCH See 
reptey Cuter bai) BI ag 4 - 
ra LH Gh © cd 7 ? . 
naan 
eeee 
ey 
~ « 
er ote 
e 
eoove °e 
° ° 
- ° 
. e 
o. 
| 1466 NaeeIIy Clove 22 
eas ON Oe “ Ce > 
se EID writ Oh POL LTaWN 
j [ 7 ON neds Co 
aan SENAY CoCRe tnomg cave » ) : a 
Cri suasr Fe ee / —. 
rien 87 Tie ens eve oa Oe a Sia i il a ae 
C7 ON DVI Fe ML ODN ~ e 
ONT ConcOs ae Ver ddim Noe — 360 sae OE ae 
GNNOHO OL 15GKNGD // ~Y Wad d¥B1E 16002 
x ONIIVT 24g MIM C3507 ONY 
iy O3NEOs FB WHE C3uM 
Be OS f; ! 
————— s freoon Ooen 4 Tew? 
SAT Www aa &-Da¥ {7 wr i \ \ | f / Olan qa JT 
ry A 
ie, i A 
s ° @) | 
gas Ue 


PROLINOD OIBIAGD WIIG 
BCOTINT ONG ZAG TG, 


(O70 Currys 20 TIM 44) 
moadaeme > Vane 7 ~ 


vnc Bad F 


OTIa1 Gov o4 i can 


Peg ah 


OO Onrwes b: 
Cada hsling ora 
ONICivHH wtedO> NI 


vee ase 
HAIM DIWM Ol NJatwes “360M LOVE 


WW Ove “Ih 
ee N ' 


WRLUASNeE O61 


@W03 wINVID KANDA O, 


(350CH 101d 1) 
UL His bo or we 


PY) all, 


W104 GND) OAL WH Oe 


Ole COWS 
sae Stok 


\ 
y 
. ey O3s50%5 6) WO0d Nam 
i bag rg » OWI GAINS B3KI2I20 
« WOOd AG O2uvyadO IA ME 
a A 
ie ; 
NY (26n0H 2078 NW) 
TMI NOCAGING Pedy 


: yt wey) 
rte, ft Z = | 
7 5 L “Ry a “= ena pcan aN af ZL) 


- J oO MIMSVIT Tom § 40 et Reeve 
AND ANG Hai ONIAD Hele 
OFONAIENG BUIM NOIENRLL Mish 
=~ 
cod Voit Oly i) Ss, 


n a a 
HALIM VTLINY ERS fe 
a Lory CHIURADTR EI, 
JA he BFS TINO tt JO ~~ FsQl-AD 
3¥n2 ed ONY OND NILA ie . 
ILS OL MOVLLY Os “WN TLNY Cd (amon 20710 s) » eed 


sere WG ONI@AL @ EID) CO F WOWGTTAT ONIWVIC O07 eZo-—md 


100-1 


MAGNETIC AMPLIFIER. 


tw! 4 4 ‘ é 
+ h . 
Tigo © «ces e 


“QUR|Y Ul JAIBMUaPES ‘INeIq 


“LHOINS Nt SNVIdVAS OL ONINOHd3AISL STSINVO AYVLAYOAS 


100-3 


PHGIUNRIE, ls 


1u0-4 


As 
amas 
aces 
“ 
ame eye 
« - naan 
ala 


“TUN ‘MOIMSNNYS MAN ‘YOLVNYSLIV NOSYSGNVX31V—s ‘'DSI4 ae 


o 


100— 


- 
- 
yj 


tty vation 
tare 
FIG. 3.—TELEPHONE TRANSMITTER CONTROLS, U. S. S. GEORGE WASHINGTON, 


100-6 


"NOLONIHSVYM 3DYOSD 'S 'S ‘N ‘LNAWdINOA ONIAISOSY ANOHdaISL—‘P “Old 


tg “2 ills! 


| arsed we LIN SYD NWA ET y | 
LNFIVYVID Fos UNG lake BA 


‘6/6/ ZZ conde - , 
‘\ wha Sivimalan youaz> ‘Son 


ie oye! osbony eiesame LMIGISTSS Ct INIMYFASS 


R 


ij 1 


pC NOL INIACH A Wi STFINYTD AAHN Fiti SO AHVLISIIS 
o- 


WNOILMLS C1008 A IMSENASE MIN 


SHEN Aine fat ath Nis at hia Yeah mW Sanh te bedohe 
AER tL My \}! Ai ee welts! 
thy 


aT hi / / Ale j 


Se LL pry ery v\ A 


Th) 


's 


Ny a Ny 


, y 


NM 


\) AA \\ hh M hh “ 


100-8 
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UNDERGROUND AND UNDERWATER RADIO. 


Development.—On May 81, 1917. a conference was held at Hyatts- 
ville, Md., between Mr. J. H. Rogers, inventor of the underground 
‘adio system, and Commander 8. C. Hooper. U. S. Navy, WLieut. 
Commander A. Hoyt Taylor, U. 8. Naval Reserve Foree, and Ex- 
pert Radio Aid G. H. Clark, as representatives of the Bureau of 
Steam Engineering. During this conference, the merits of the 
system were presented. and, as a result, it was decided that the Navy 
would investigate underground radio thoroughly to determine its 
availability for naval use. 

For this investigation, the Bureau authorized Lieut. Commander 
Taylor to establish a laboratory at Great Lakes, Ill. This labora- 
tory was organized on August 1, 1917, with the following personnel : 
Lieut. Commander Taylor, director; Radio Gunner (later ensign) 
A. Crossley, U. S. Naval Reserve Force, officer in charge; Chief 
Electrician R. G. Matthews. U. S. Naval Reserve lorce, electrician: 
and a detail of fire enlisted men. . 

Eeperiments at Great Lahes.—The laboratory was not completed 
until October, 1917. Since early results were necessary, experiments 


were begun immediately at the main radio station, Great Lakes. : 


Combinations of insulated wire and bare antenna avire were tested, 


and the results proved that the underground systéni ‘had fair pos: | 


sibilities. Signals were received from long-waye aztec stations wth 
readable intensity, while very poor signals came from ‘sphitk stitiohs. 
It was possible to copy are stations through local electrical storms, 
and to copy as many as six stations while using the same set of 
underground wires. The use of a series condenser in the primary cir- 
cuit gave better results and sharper tuning. 

Experiments were next conducted on the shore of Lake Michigan 
to determine the feasibility of receiving signals on underground and 
underwater wires. Poor results were obtained with bare wires laid 
in sand, while better ones were had with wires a part of whose length 
was insulated. It was found that rubber-covered wires acted better 
than weatherproof wires, and that when wires were submerged in the 
lake the signal strength was increased tenfold. 

It was discovered that underground wires had an “optimum ” or 
most favorable length for each of the different wave lengths. For 
example, two No. 12 waterproof wires, 300 and 600 feet long re- 
spectively, were buried 1 foot below the surface in wet sand; the 
600-foot wire gave the best results on long wave signals. the 300- 
foot wire on short wave. Again, it was noted that a 150-foot length 
of No. 12 waterproof wire had a signal strength three times that of a 
300-foot length when receiving signals from 600-meter stations. 


aoa 


102 HISTORY OF ENGINEERING DURING THE WORLD WAR. 


During experiments conducted between the University of Wisconsin 
and Great Lakes—in which the university transmitted on two wave 
lengths, 425 and 1,150 meters—it was found that the best wire length 
per wave length, using No. 12 rubber-covered wire, was equal 
to one-eighth of the transmitted wave length. It was also found 
that the best length of wire per wave length was the same, whether 
the wires were buried in wet sand or immersed in water. 

These experiments also showed that underground wires had direc- 
tive qualities; that is, wires pointing toward transmitting stations 
gave the best results, while wires laid at an angle of 90° to those 
stations worked poorly. In extended experiments Jater it was found 
in all cases that wires laid in the same plane and extending toward 
transmitting stations gave maximum signal strength. 

Again, a small rectangle, 18 by 24 inches, wound with 15 turns of 
No. 18 wire placed in series with the ground wires proved that it 
was possible to balance out to a great extent signals received from 
the main radio station when copying distant stations. Better bal- 
ance was obtained when receiving instruments were placed in a 
screened receiving room. 

On November 15, 1917, the first transmitting experiments were 
conducted through a half-mile distance on underground wires. The 
optimum wire Fength per wave length was found to be equal to the 
wawe length, showing that the wires were not aperiodic. They had 
alsy extremely “high capacity and very small inductance. When a 
4-kilowatt vacuum-tube transmitting set was used with the under- 
ground system it was possible to transmit through a distance of 
30 miles from Great Lakes to Chicago. In comparative tests the 
same current was radiated into a 30-foot overhead antenna, with the 
result that the signal strength received at Chicago from the under- 
ground wires was twice that from the overhead antenna. A com- 
parison was also made between the 11-foot rectangular antenna, 
wound with 18 turns of No, 13 copper wire, and the 2,300-foot under- 
ground wire on signals received from European stations. The re- 
sults were that the underground system gave fifteen times the signal 
streneth of the rectangle and also collected one-half the strays 
gathered in by the rectangle. Directive experiments with transmit- 
ting apparatus on underground wires showed that these wires have 
the same directive qualities for transmission as for reception. 

A number of other primary experiments were conducted at Great 
Lakes by Lieut. Commander Taylor and later by Radio Gunner 
Crossley after the detachment of Lieut. Commander Taylor on Oc- 
tober 20,1917. On February 27, 1918, Gunner Crossley was ordered 
to Hampton Roads, Va., to install the underground system at the 
distant control station there. 
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Leperiments-at New Orleans.—Experiments were condueted dur- 
ing April, 1917, at New Orleans. La., by Mr, FE. If. Lyons, assistant 
to J. H. Rogers, originator of the underground system. Mr. Lyons, 
working under the direetion of Lieut. If. TH. Loftin, U. S. Navy, 
made a series of experiments covering a period of three months, 
during which time promising results were obtained on short and 
Jong wave reception. As a consequence, recommendations were 
made and carried out to establish a distant control station at New 
Orleans. This installation was the first of its kind in the world. 

Leperiments at Piney Point, Va—Dr. Ll. W. Austin and Gunner 
J. Allen, of the United States Naval Radio Laboratory, conducted 
a series of experiments with the underground system at Piney Point. 
Va., in which various lengths of wire were submerged in Chesapeake 
Bay. and the results compared with those from the small antenna 
used at that place. The underground wires were found to be slightly 
superior. 

Experiments at Belmar, N. J—With regard to the experiments 
conducted at the Belmar trans-Atlantic receiving station, Lieut. 
Commander A. H. Taylor found that, by the use of the underground 
system, fair results were obtained in copying European stations up 
to the latter part of the spring of 1918, when, owing to heavy sum- 
mer strays, he was compelled to resort to the use of balance circuits. 

Leperiments at the Rogers laboratory.— Ensign Crossley con- 
ducted a series of experiments at the laboratory of Mr. J. If. Rogers 
to determine whether there was a definite wire length for signals 
from long-wave stations. Tests showed that there is a sharply de- 
fined wire length for the reception of such signals. Other experi- 
ments were made to ascertain the effect of an iron protection over 
wires. It was found that the use of 20-foot iron pipe sections. in- 
sulated from each other by rubber hose through which magneto 
eable was run, gave practically the same results as Packard ignition 
cable buried in the earth, and that the use of continuous iron pipe 
covering over the wire reduced the signal strength to about one 
ene-hundredth of that received on the other two wires. 

General results from underground system.—tIn addition to the re- 
sults noted, it should be stated that underground wires used at the 
main station, Great Lakes, to aid in the transcontinental traffic, gave 
satisfactory communication at all times between this station and 
those on the east and west coasts. Long-distance experiments also 
produced excellent results in receiving signals from the Atlantie and 
Gulf coastal stations and from ships where a regenerative receiver 
and one-stage De Forest amplifier were used. 
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Underwater radio development.—F rom June 1, 1918, to September 
20, 1918, Messrs. Willoughby and Lowell, of the Bureau of Stand- 
ards, conducted a series of experiments on submarines at New Lon- 
don. They found that by the use of an insulated loop on sub- 
marines it was possible to transmit 9 miles when submerged, and 
also to receive signals from high-power European radio stations 
when the periscopes were submerged to a distance of 21 feet from 
the surface. It was also found that, when using the insulated loop 
on board submarines, a transmitting radius on the surface was 
much greater than that of the average submarine antenna, owing to 
the fact that the antenna was subject to frequent grounding of insu- 
lators from spray. 


TRANSOCEANIC RADIO RECEIVING SYSTEMS. 


Tuckerton.—The first work on transoceanic receiving done by the 
Navy after our entrance into the war was carried out at Sayville, 
Long Island, and at Tuckerton, N. J., both of which stations had 
been in the hands of the Navy for some time prior to April 6, 1917. 
In fact, both stations had carried on a good deal of traffic with Ger- 
many previous to the severance of diplomatic relations with that 
country. There was nothing unusual about the system at Tuckerton, 
except that receiving was accomplished, during part of the time at 
least, by the use of a 4-mile-long, single wire, which was part of an 
old telephone line. This antenna was almost aperiodic and probably 
had some directive properties, rendering it shehtly superior to an 
ordinary antenna. The main antenna at Tuckerton was not used 
directly for receiving, but sometimes during reception. Improve- 
ment in signals was obtained by tuning this antenna to earth. so that 
it reradiated upon the receiving antenna, thereby increasing the 
strength of the signals. 

The Zenneck receiving system.—At Sayville full advantage was 
taken of a special receiving system devised by Prof. Zenneck. This 
system utilized the Sayville-counterpoise for receiving, with the lat- 
ter split into halves for this purpose. The northeast section of the 
counterpoise was connected to one primary binding post and the 
southwest section to the other post; no ground connection was used. 
The secondary system was connected to a 2-stage radio-frequency 
amplifier, thence to a detector, and thence to a 2-stage andio-fre- 
quency amplifier. The circuits were very complicated. very difficult 
to adjust, and adapted to operation on a fixed wave. Change of wave 
length was a difficult and laborious process. The system gave, how- 
ever, fairly good signals, which we now know were due largely to 
the directive properties of the counterpoise system used as an an- 
tenna. This station was the best one we had during the winter of 
1917-18; it had the best operators. 
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Belmar.—The experience of the summer of 1917 was sufficient to 
demonstrate that communication with European stations during 
the summer period was extremely precarious and inefficient, owing to 
the summer phenomena of weak signals accompanied by heavy strays 
(static). The suceessful development at Great Lakes of the recep- 
tion of radio signals on the Rogers submarine and subterranean 
antenna system induced the Bureau to install this svstem at Belmar, 
N. J., the radio station at this place having been taken over in 
April from the Mareoni company, but not operated. By the end 
of October, 1917, Belmar was receiving on submerged wires laid on 
the inlet and on a 2,000-foot long land wire buried 2 feet deep. Bel- 
mar then became the control] center for trans-Atlantic work. 

The Weagant system.—Chief Engineer Roy Weagant of the Mar- 
coni company had been engaged in development work on trans- 
Atlantic receiving systems, whose principal purpose was the elimi- 
nation of strays, and he was given every possible encouragement to 
continue this work at Belmar at the same time that Lieut. Com- 
mander Taylor was assigned to duty there (Oct. 17, 1917), with 
instructions to install the underground system. The Marconi ex- 
periments at Belmar were continued until the latter part of Novem- 
ber, 1917, without being brought to a satisfactory conclusion, when 
the Weagant work was moved to Miami, Fla., and finally completed 
in the summer of 1918 at Lakewood, N. J. The Weagant system was 
never used on actual traffic by the Navy Department in trans-At- 
lantie work. The completion of the system at Lakewood was mainly 
the work of the Marconi company. 

The Chatham station—Early in November, Lieut. Commander 
Sweet. U. S. Navy (retired), accompanied by Lieut. Commander 
Taylor and Lieut. J. C. Cooper, jr.. U. S. Naval Reserve Force, vis- 
ited the Marconi receiving station at Chatham, Mass. It was de- 
cided to take it over for receiving purposes, the general idea at the 
time being that by having several reeeiving eenters along the coast 
with wire connections to Belmar and Washington, it might be pos- 
sible to get around local storms and strays, as receiving conditions 
would probably not be bad at all of these stations at the same time. 
The Chatham station also offered unusual opportunity—on account 
of the proximity of a salt-water bay and a fresh-water lake—to test 
the relative readaptability of signals on ground wires and wires 
immersed in salt water and in fresh water. A few weeks later the 
station was opened up and much data collected which showed that 
the salt-water wires gave the weakest, but at the same time the most 
readable, signals. Nevertheless, it was found almost invariably that 
Chatham could not make copy when Belmar could not make it, and 
therefore. in October, 1918, Chatham ceased to be used for trans- 
Atlantic reception. 
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The Otter Clif's circuits —In the meantime the remarkable receiv- 
ing conditions at Otter Cliffs radio station (Bar Harbor, Me.), had 
been called to the attention of the Bureau, and early in 1918 the 
orders of Ensign A. Fabbri, later heutenant, U. S. Naval Reserve 
Force, the officer in charge, were altered in such a way as to take him 
out of the district organization so far as trans-Atlantic work was 
concerned and to place him under the orders of the trans-Atlantic 
communication officer. Thus Bar Harbor was added to the chain 
of trans-Atlantic receiving centers, a step which was subsequently 
justified by that station proving to be the most ideally situated of 
all stations for the reception of trans-Atlantic signals. The re- 
markable absence of strays at Bar Harbor and the ingenious system 
of loop antennas and counterpoises used by Lieut. Fabbri gave 
early evidence that this station had great natural advantages. 
Figure 5 shows one of these circuits upon which much trans-Atlantic 
copy was made, the development of which is largely due to Chief 
Electrician W. E. Woods. It will be noted that the secondary cir- 
cuit is coupled both to the loop and to another inductance which 
leads through a high resistance to ground from one leg of the loop. 
Recent investigations show that this is probably not the best pos- 
sible arrangement, as the phases of the two currents collected in the 
receiver are not quite right with respect to each other. Great credit 
is due Lieut. Fabbri for the way in which this station was handled. 
In this he was ably seconded by Chief Electrician (radio) W. E. 
Woods, U. S. Naval Reserve Force, and Gunner R. Cole, U. 5S. 
Navy. 

Belmar versus Otter Cliffs—So far as the relative advantages 
of the Belmar and the Otter Cliffs circuits are concerned, it may 
be stated that, for trans-Atlantic work, the use of ground wires and 
submarine wires was found insufficient to cope with summer static 
until the system of balancing out the static by combining a submarine 
wire with a rectangle was devised. 

Very satisfactory circuits were also devised whereby a submarine 
wire was balanced against one Jaid on the surface of the ground 
in lead-covered cable, or buried in dry earth. The only reason 
Belmar was able to compete at all with Bar Harbor, and finally to 
excel Sayville, was because of the introduction of these special re- 
ceiving systems. Tuckerton was kept so busy transmitting that it 
had little opportunity for receiving. Sufficient comparisons were 
made, however, to show that Tuckerton’s receiving conditions, in 
spite of good personnel, were by no means equal to those at Belmar, 
even before the advent of the balanced circuits there. The best Bar 
Harbor circuits partially owe their success to the fact that they are 


HISTORY OF ENGINEERING DURING THE WORLD WAR. 107 


partly or wholly blind in the southwest direction, from which come 
the worst of the strays on long waves. 

The Alexanderson. barrage receiver—Not the least interesting of 
the circuits experimented with by the Navy Department for trans- 
oceanic reception was the Alexanderson barrage receiver. Mr. FE. 
¥, W. Alexanderson, of the General Electric Co.. was given all 
information concerning the various antistatic systems in the hope 
that he might be able to utilize it in the development of his barrage 
receiver, the circuits of which are shown in figure 4. As a result 
of this conference. which was held at Belmar, Mr. Alexanderson 
was able to substitute with satisfactory results wires laid on the 
ground for antenna on poles. greatly simplifying the installation. 
Part of the success of the system is undoubtedly due to the fact that 
it also possesses barrage properties. as has been strikingly demon- 
strated by recent experiments at New Orleans. The Alexanderson 
system. however. not only possesses barrage properties but has a pro- 
nounced focusing property. which is of very great value in eliminat- 
ing interferences coming from the same direction as that from which 
the signal arrives. 

The Austin cireutts—During the summer of 1918, Dr. L. W. 
Austin, of the Naval Radio Laboratory, developed a number of inter- 
esting circuits, which may be called balanced circuits. None of these 
was. however, used on actual trans-Atlantic traffic, but they have been 
utilized in transcontinental work. Some of them are shown in fig- 
ures 1, 2,3. 6, and 7. 

Summury.—During the Navy's connection with trans-Atlantic radio 
a large number of receiving cirewits were devised and tried out, 
partly by officers and civilians connected with the Navy and partly 
by representatives of the Mareoni company and the General Electric 
Co. Of these it may be said that the Rogers underground, the Wea- 
gant circuit, the Belmar circuit. the Alexanderson barrage system, 

the Otter Cliffs (Bar Harbor) circuits. and some of the Austin cir- 
cuits gave very decided improvements. One of the Austin circuits 
has the advantage of permitting multiple reception on the same loop 
and ground wires. (See fig. 3.) Of all these circuits, those of Otter 
Cliffs and Belmar are the simplest in operation and were the ones 
which were actually used in making official trans-Atlantic copy. After 
Otter Cliffs had been properly equipped and new circuits installed 
the copy made at that station was so certain that the Belmar station 
was, in February, 1919, closed and returned to the Marconi company. 
Combined with the advantages due to the geographical location of 
Bar Harbor, the station there was amply able to care for trans- 
Atlantic copy. 
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SHIPBOARD RADIO EQUIPMENT. 


Before the war, only a smal] number for each type of vessel was 
contracted for each year, and, hence, some Jatitude was permissible 
in the design of installation details, radio-room arrangement, and 
antenna. With the advent of war and the consequent purchase of 
large quantities of standardized apparatus, uniformity of design in 
these respects became absolutely essential. 

To effect this standardization, steps were taken immediately to 
secure and train the necessary personnel. This was, in itself, a con- 
siderable undertaking, since the number of employees familiar with 
the highly specialized needs of the Navy in these respects was very 
limited. There were, in fact, practically none who were not already 
employed in the various navy yards, where the pressure of work 
was such that they could not be spared for work in the Bureau. 

This same shortage of trained radio engineering personne! was felt 
by the Emergency Fleet Corporation, and the Bureau therefore ten- 
dered its services to that organization. Plans were prepared for ra- 
dio installation on the various standardized types of Emergency 
Fleet vessels, and the radio personnel at onr navy yards was iIn- 
creased to provide for adequate technical assistance to the ship con- 
tractors who were charged with the installation of radio apparatus 
on the vessels they built. 

In addition to the large number of merchant vessels thus cared 
for, plans were prepared for the new naval vessels provided for in 
the 1916 building program and in the various emergency acts. In 
each case this involved a thorongh study of the duties and strue- 
tural details of each class of vessel. and of the requirements of the 
types of radio apparatus assigned to that-class. The performance 
of this work on many different types of vessels by the same men 
made possible a certain fixed similarity in arrangement and in the 
treatment of the various technical difliculties which were met. 

In brief, then, the radio arrangements were standardized to the 
greatest possible extent. The value of such standardization is evi- 
dent when it is considered that. with the rapid growth of the oper- 
ating personnel. nearly three-fourths of it was entirely new to the 
service and could not be quickly brought to a high degree of effi- 
ciency if every ship to which a man were transferred differed from 
the one which he had just left. sa result of this policy of stand- 
ardization, there were practically only two types of main radio 
rooms on destroyers built or contracted for during the war. The 
necessity for more than one arrangement was dune to the fact that 
there was a change in the size of the radio room on later destroyers. 
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The following is an example of the many problems met in radio 
arrangements: 

It was found that when a ship was torpedoed or struck a mine 
the shock of the explosion usually made the masts whip apart to 
such an extent that the halyards of the radio antenna would break 
under the strain; the antenna would drop, and the radio set would 
become useless at just the time when it was most urgently needed to 
send out anS OS call. 

To meet this condition. a safety link was devised for location in 
the halyards at the ends of the antenna. The arrangement was 
such that the antenna was supported normally at each end by a wire 
which had approximately one-fourth of the tensile strength of the 
antenna proper. When the tops of the masts separated suddenly the 
safety link broke, and the antenna dropped a long distance until 
brought up by the halyards. In this way the antenna was lengthened 
about 5 feet at each end, and sufficient slack was provided to allow 
for the displacement of the mastheads. This safety link was fitted 
on all of our naval vessels which were on duty in European waters 
infested by submarines and mines, and also on ships of the Emer- 
gency Fleet Corporation. 

The operation of vessels of our Navy with the fleets of the Allies 
made necessary many changes in the type and arrangement of the 
radio apparatus of our vessels. 


COASTAL RADIO STATIONS, STATIONS FOR SHIPPING BOARD 
VESSELS, AND FOR PRIVATELY OWNED COMMERCIAL SHIPS. 


The maintenance of the coastal radio stations, of radio stations for 
the vessels of the Shipping Board, and for privately owned com- 
mercial ships formed a very important part of the duties of the 
Bureau throughout the war. 

When the United States entered the war the Bureau was, as 
noted previously, responsible for the maintenance in efli¢ient condi- 
tion of the +9 coastal radio stations of the Naval Communication 
Service, which were located along our Atlantic and Pacific coasts, 
in our outlying possessions, and at other strategic points, including 
one on the Great Lakes. These stations had been established, pri- 
marily, to provide communication facilities between the Navy De- 
partment and the Atlantic, Pacific, and Asiatic Fleets; and, sec- 
ondarily, to safeguard life and property at sea. 

Sixty-seven coastal radio stations had also been established at 
various points on the Atlantic and Pacific coasts, on the Great 
Lakes, and within the Hawaiian Islands, by commercial radio com- 
panies to supply facilities for communication between merchant 
ships and the coasts. These stations were maintained and operated 
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by their owners. There were approximately 600 merchant vessels 
under American registry equipped with radio. which was main- 
tained by either the commercial radio organizations or the owners 
of the vessels. 

War measures; commercal stations taken over; shipping board 
stations provided —Upon the declaration of a state of war all shore 
radio stations within the jurisdiction of the United States, includ- 
ing the 67 coastal stations just noted, were taken over for operation 
or closed by the Navy in accordance with Executive order No. 2885, 
dated April 6, 1917. This order was based on the “act to regulate 
radio communication,” approved August 13, 1912. 

This sweeping extension of the Bureau’s duties as to shore sta- 
tions was followed by directions that it maintain for efficient opera- 
tion the radio installations on all privately owned vessels operating 
under the United States flag, on which armed guards had been or 
were to be placed. 

The Shipping Board had also commandeered about 450 vessels 
then building in American shipyards, and as it had neither the 
organization nor the technical personnel to install radio apparatus 
on these vessels. the Bureau offered to arrange for the purchase, 
installation, and subsequent maintenance and repair of this equip- 
ment for the account of the Shipping Board. The board accepted 
this offer and requested that the Bureau also arrange for similar 
service on the additional vessels for which contracts had been or 
would be let. This was agreed to, and arrangements were made 
at once to design and provide standard radio installations for 
Shipping Board vessels. Meanwhile all existing radio sets in the 
United States and Canada were purchased by the Navy for emer- 
gency installations on the vessels commandeered by the Shipping 
Board, since a number of these vessels were nearly or wholly com- 
pleted, and except for a few, no provision for radio equipment had 
been made by their former owners. 

Upon the subsequent requisitioning by the Shipping Board of 
virtually the whole American merchant marine, the Bureau was also 
charged with the maintenance of the radio installations on these 
vessels. Arrangements were made, therefore. to relieve the various 
commercial radio organizations of this work, and to assign it to the 
radio material organizations at navy yards. 

As a result of the several war measures noted, and of the subse- 
quent chartering by the Shipping Board of a large part of the mer- 
chant marine of neutral countries, the Bureau, when the armistice 
was signed. was responsible for 229 coastal radio stations and ap- 
proximately 3,775 ship radio stations. The aggregate of these, 
When compared with the 49 coastal stations under the Bureau’s care 
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when hostilities began, shows the wide extension of naval. responsi- 
bility for the maintenance of radio communication which the war 
brought. 

Contracts had also been let for radio apparatus sufficient to equip 
approximately 3,000 vessels for the Shipping Board. Some of these 
contracts were canceled, however, after the armistice was signed. 

Major projects for shore radio stations during the war—In addi- 
tion to the great increase in the activities of the Bureau with regard 
to coastal and ship stations as outlined previously, various major 
projects were undertaken, during the war, as follows: 

(a) The establishment of a number of new coastal stations to meet 
war emergencies, including 25 low-power stations in the vicinity of 
the several patrol headquarters, and also radio stations at the newly 
established naval air stations. 

(6) The establishment of a radio station at Otter Cliffs, Me., and 
its development into a trans-Atlantic receiving station. Also the 
subsequent establishment of a transmitting station at Sea Wall, Me., 
to be distant controlled from Otter Cliffs, in order to give improved 
and increased facilities for communication between vessels—mainly 
transports—at sea and with the mainland. 

(c) The removal of the Newport transmitting station to Melville, 
R. 1., and the establishment of a distant coastal and receiving station 
at Coasters Harbor Island. This change was made owing to the 
possibility that explosions which had oecurred in the magazines at 
the torpedo station, Newport, might have been caused by sparks from 
the discharge of inductively charged conductors within the magazine, 
which conductors might have been oar by the functioning of 
the near-by transmitting station. 

(¢d) The enlargement and relocation of the Norfolk radio station 
and its distant control from the Naval Operating Base, Hampton 
Roads. 

(e) The establishment of distant control and the underground re- 
ceiving system at the New Orleans radio station. 

(7) The establishment of distant control and the underground re- 
celving system at Great Lakes, Ill. 

(7) The establishment of three radio stations in the Republic of 
Panama for operation by the United States Naval Communication 
Service. 

(A) The establishment of a radio station at Port-au-Prince, Haiti. 

Compensation for shore stations —The taking over by the Navy, in 
conformity with the provisions of an act of Congress, of the commer- 
cial shore and ship radio stations involved the question of compen- 
sation to the owners for the shore radio stations and of special ar- 
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rangements with regard to the cost of maintenance of the leased in- 
stallations in ship stations. 

Compensation for stations that had been in oper ration a suflicient 
leneth of time to enable their earnings to be determined was fixed 
on the basis of these earnings and the value of the property. For 
low-power stations. a fixed rental was agreed upon for those that were 
kept in operation and a much lower rate for those that were closed. 

The Government assumed all expense incidental to the maintenance 
of the stations which it operated, excepting the payment of taxes, 
rentals, and insuranee, while for closed stations the owner assumed 
all expense without exception. 

In general, the basis of compensation for shore radio stations was 
adopted after negotiations with the Marconi company in regard to 
their stations, and a hke system adopted in settlement with other 
commercial radio organizations. 

Compensation for ship radio stations.—The taking over of the ship 
radio stations of the American merehant marine involved the ques- 
tion of payment by the owners of expenditures ineurred for repair 
to these small installations. This was arranged on the basis of a 
small payment monthly to cover the average actual cost on all ships. 

A large number of these ship stations comprised installations 
leased from commercial radio companies, for whieh a rental was 
paid by the steamship owners. <A few of the stations were, however, 
the property of the owners of the vessels. 

When it is considered that on very short notice the operation and 
maintenance organizations of the commercial radio companies were 
disrupted and their activities assumed by the Navy—involving an 
immensely increased volume of work and many complex financial 
adjustments, which were largely repeated when these ship and shore 
stations were returned to their owners—it will be apparent that very 
cordial cooperation existed between the commercial companies and 
the Navy Department in the snecessful accomplishment of this diffi- 
cult undertaking. 

Purchase of the Federal and Marconi stations.—About 10 months 
after our entry into the war negotiations were begun by the Navy 
Department with the Federal Telegraph Co. for the purchase of its 
patents and shore radio stations. These negotiations were coneluded 
satisfactorily, and on May 15, 1918, the Government acquired the 
patents of this company and its shore stations—three high-power and 
five coastal—for the sum of $1,600,000. 

Shortly after the purchase of the Federal patents the Burean 
received a resolution passed by the Shipping Board authorizing the 
purchase of all leased radio stations on vessels owned or controlied 
by the board. In accordance with this resolution negotiations were 
entered into with the Marconi company with a view to this purchase 
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for the account of the Shipping Board. These negotiations were 
not completed until about November 1, 1918; and, meanwhile, the 
Railroad Administration requested that the leased ship installations 
on its vessels be purchased also. 

The Marconi company would consent to sell their ship instal- 
lations only on the condition that the Government buy also their 
coastal radio stations. This was agreed to, and the purchase of 330 
ship installations and 45 coastal stations was effected, as of No- 
vember 30, 1918, for the sum of $1,450,000. As this purchase had 
been for a lump sum, it was necessary to have a basis of value for 
the ship stations—to be paid for by the Shipping Board and the Rail- 
road Administration—separately from the value of the coastal radio 
stations which were acquired for the account of the Navy. This was 
accomplished by appraising the ship installations at a figure repre- 
senting 20 per cent less than the price paid by the Navy for similar 
radio sets bought in quantity when new. It was believed that this 
arrangement provided a generous allowance for the depreciation 
of the equipment, and, further, the average price represented about 
one year and nine months’ rental on the equipment as charged previ- 
ously by the Marconi company. On this basis of settlement the lump 
sum of $1,450,000 was divided as follows: 

Shipping Board: For the radio instaHations of 267 vessels_____-_____ $519, 200 
Railroad Administration: For the radio installations on 63 vessels.... 141, 200 
Navy: For 45 shore radio stations, including the Ketchikan, Juneau- 

Astoria Alaskan circuit, the South Wellfleet (obsolete) high-power 

station, and the leased shore radio stations_____________________ 789, 500 

Summary.—Notwithstanding the greatly increased activities of 
the Bureau with regard to coastal and merchant ship stations, in- 
cluding those for the Shipping Board, all demands made with re- 
spect to these stations were satisfied promptly. The construction 
of additional coastal radio stations and the improvement of other 
similar stations to meet war emergencies were accomplished without 
delay, as was also the taking over and operation of the commercial 
shore and ship stations. 

The equipment on short notice of all Shipping Board vessels, par- 
ticularly the 450 commandeered ships, was accomplished success- 
fully through the foresight and effective action taken to secure the 
prompt delivery of equipment and material, and the expansion of 
the naval radio matériel organizations at navy yards to meet all 
probable demands. 

The expansion of radio matériel activities during the period of 
the war, with regard to coastal and ship radio stations and other 
matters, was such that district radio matériel officers were detailed 
to practically all navy yards and naval stations for supervising these 
activities under the direction of the Bureau. 
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NAVAL RADIO RESEARCH LABORATORY. 


The following improvements in radio apparatus and radio meas- 
urements were planned, in general, by Dr. L. W. Austin, head of 
the advance research laboratory, and were carried out experimentally 
under his direction. 

1. A tuned telephone and a tuned audio frequency amplifier for 
receiving cirenits, which give a considerable improvement ‘in the 
reading of signals through static and interference. 

2. A study of underground and underwater antennas. 

3. Cireuits for receiving from a number of stations on the same 
antenna or loop. With this arrangement, the European stations at 
Lyons. Carnarvon, Nauen, and Rome are received at the same time 
at the trans-Atlantic oflice at the Navy Department. 

4, A visual method for the reduction of static disturbances in 
receiving. This method takes advantage of the difference in signal 
static ratio of surface wires. water wires, and loops. Chief Elec- 
trician L. M. Clausing also developed independently a variation in 
this circuit which gives similar results. 

5. A eiremt for undamped reception with the audion in which 
plate circuit tuning is employed as well as the usual grid circuit 
tuning. This keeps out much interference which otherwise would 
make reception on certain wave lengths difficult or impossible. 

There were also completed the following investigations, all by 
Chief Electrician W. F. Grimes, which are not only of purely scien- 
tific interest but of practical value: 

Experimental verification of the theory of loop antennas, includ- 
ing a formula and table for the calculation of the antenna height 
corresponding to any loop. 

A new and exceedingly simple formula for the predetermination 
of antenna capacity, and also for the calculation of “edge effect” 
of plate condensers. 

A new method of using contact detectors in the measurement of 
small radio frequency currents. 


RADIO TEST SHOP. 


Under the direction of the Bureau the radio test shop at the Wash- 
ington Navy Yard took a very active part in war work. Its func- 
tion is threefold, in that (1) it originates schemes for radio communi- 
cation, especially in reference to methods and apparatus to be used 
in radio reception. and develops means and apparatus to put those 
schemes into ship and shore service: (2) it passes on ideas and appa- 
ratus along these lines developed outside its own organization: and 
(3) it receives, inspects, and tests all the receiving apparatus, all the 
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are type of transinitters, and all the small transmitters which the 
Navy uses, and distributes these apparatus to the service. 

While this last class of work is the least interesting of the shop’s 
activities, the greater part of its force is occupied in doing it. From 
April 6. 1917, to November 11, 1918, the laboratory force tested 
3,636 receivers, 1,100 amplifiers, 2,835 auxiliary apparatus, 789 small 
transmitters, and 26 arc transmitters. 

Receivers.—The biggest-and most important problem that the shop 
was confronted with was that of standardizing the receiving equip- 
ment of the Navy. This standardization was made more difficult 
by the fact that. in the first year of the war, the range of wave lengths 
that was used was greatly increased, and apparatus had to be designed 
for operation over the entire range. Furthermore, the era of the crys- 
tal detector was stil] with us and that of the vacuum tube was just 
beginning, so that all receiving apparatus had to be a compromise 
between the ideal designs for either of these types of detectors. 

However, a standard receiver layout was formulated, and on the 
basis of this arrangement a series of receivers was designed. The 
details of the standard panel are shown in figure 1. This was the 
first one built in the SE 148 receivers that were purchased in such 
large quantities, and it was later used in the design of three other 
receivers, The details of the SE 148 receiver are shown in figure 2. 
It was designed to cover the range from 300 to 7,000 meters, and was 
of great value for its general utility, since it covered the range of 
wave lengths most used. Three other receivers were designed to meet 
the need for reception on extremely short wave lengths, and one of 
them modified, by the addition of a simple switch, for radio compass 
operation. 

Control boxes, amplifiers—With this development of receiving 
equipment came that of standard designs of auxiliary apparatus, as 
typified by the SE 1071 audion control box and SE 1000 amplifier. 
Control boxes that had been previously purchased were unsatisfac- 
tory in structural detail and were expensive. As is usual, it was 
difficult to get the manufacturer to supply just what was required 
by the service, and when an acceptable approximation was finally 
received the price was found to be excessive. However, when the 
Navy design was put into production it was found that the cost of 
control boxes was greatly reduced, and, as in the case of the receivers, 
a higher quality of product and one of greater uniformity was se- 
cured, while the rate of delivery was increased tenfold. 

The design of the SE 1000 was made to meet the needs of the 
service for an amplifier of moderate power. Before its appearance 
in the service the only amplifier in use had proved so unsatisfactory 
that the various commercial companies capable of such design work 
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were requested to submit samples. These samples were so unsatis- 
factory that'a Navy design was essential, and thus the SE 1000 audio 
frequency amplhiier came into being. 

The details of this amplifier are shown in figures 3 and +. Modi- 
fications were made from time to time to improve the operation and 
to cheapen production, but at no time was the standard arrangement 
departed from, so that now all of the audio frequency amplifiers 
are electrically and mechanically interchangeable, and. in external 
appearance, are identical. 

Radio compass receivers—Besides these standard designs special 
designs were put into production to meet certain needs. Among 
these are the SK 1012 radio compass receiver and the SE 950 air- 
plane radio compass receiver. 

Figures 5 and 6 show the details of the SE 1012. 1t was designed 
to meet the need for a compact compass receiver for use on de- 
stroyer installations. There is incorporated in it all the tube equip- 
ment, so that it requires only the connection of battery and phones 
for operation. It was at the time of its design, and is still, nnique 
in that it is the only receiver of commercial or Navy design capable 
of undamped reception below 100 meters. 

The details of the airplane radio compass receiver «ure shown in 
figure 7. It was designed for radio compass work on planes and 
has all of the tubes and tube apparatus for the operation of the 
receiver and the 2-step amplifier, which is integral with the receiver, 
and also the switching and balancing apparatus for use in radio 
compass work. It is of interest to note that this receiver was de- 
signed in a shorter time than any single device that this laboratory 
ever turned out. In less than two weeks from the time of the order 
by the Bureau for an wirplane compuss receiver the complete appa- 
ratus was designed. the model built, minor changes made. and the 
device tried out. It is still the best receiver for aircraft radio re- 
ception in the service. 

Improved receivers —About a year and a half after the SE 143 
type of receiver had been standardized this laboratory had gathered 
enough data to build an improved receiver which differed from the 
SE 143 type in greater sensibility, selectivity, and lesser bulk and 
eost. The first of this tvpe to be built was the SE 1420, shown in 
figures S§ and 9. The chief characteristic of this apparatus 1s that 
the receiver is thoroughly shielded both against external interference 
and undesirable interactions in the receiver. It occupies about one- 
half of the volume of the SE 143 receiver, has all the tube apparatus 
integral with it, is designed for damped and undamped operation 
between 238 and 7,000 meters, and has many novel features which 
make it the best receiver for general radio reception that the service, 
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and probably the world, has ever seen. This was the first of a new 
series of receivers for the service, the others of this series being SE 
1412, SE 1530. 

Coincident with the second series of receivers came the develop- 
ment of high-power amplifiers. The need for these was especially 
urgent in aircraft, and the demand was met in the SE 1605 and the 
SE 1405 amplifiers. The report of the aircraft radio laboratory 
shows these amplifiers to be of higher power than any in general use 
in the military service here or abroad. 

Personnel.—The development of the receiving apparatus was under 
the direction of Lieut. W. A. Eaton, U.S. Navy, with Gunner T. McLh. 
Davis, U. S. Navy, as his assistant. Working under him were Expert 
Radio Aids Horle, Israel, and Priess, and Radio Electricians Sha- 
piro, Carpenter, and Worrall, with Prof. L. A. Hazeltine as consulting 
engineer. 

Summary.—Briefly, the work of the radio test shop during the war 
has been the design of radio equipment of the highest quality com- 
patible with the space, cost, production, and personnel hmitations. 
The shop has succeeded in making the standard of receiving equip- 
ment of the Navy equal to, or superior to, that of any other nation, 
and vastly in advince of any equipment in commercial use. It has 
made possible also the procurement of this apparatus in large quanti- 
ties at a high production rate and at very low cost. 


RADIO FOR AIRCRAFT. 


The great importance of radio for military aircraft is too evident 
to require comment. One of the most important functions of mili- 
tary airplanes and dirigibles is that of observing, and the primary 
importance of such observation hes in the ability to transmit results 
instantly to a distant point. To this very great advantage, radio 
adds that of being able to control the movement of aircraft from the 
ground or from other aircraft, and that of transmission of distress 
signals from disabled craft. 

The naval aircraft radio problem is of a different character in 
many ways from that of the land military forces in that it introduces 
the use of this communication, in connection with antisubmarine and 
other coastal patrol duties where larger craft are used, and where 
larger and longer range radio sets are required. This patrol duty 
involves the reporting of position as the aircraft covers its patrol 
territory, and the reporting of enemy craft or mines sighted, or of 
vessels in distress. In connection with these duties, there is in- 
volved that of convoy, in which radio enables the aircraft to com- 
municate directly with the vessels under escort. 
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The other and very important phase of the naval aircraft problem 
in which radio enters is that of fire control for battleships. In this 
ease the craft used are smaller, the radio is usually operated by the 
phot, and the transmitting distance required is relatively short. 
Thus. from a radio viewpoint, naval aircraft radio is divided into 
two distinctly separate phases, each calling for apparatus and equip- 
ment of a widely varying character. 

Development, installation, operation—aAt the beginning of the 
war there was no field of radio work newer than that of its applica- 
tion to aircraft. As with a number of other novel technical questions 
introduced by the war, that of aircraft radio was attended by many 
difficulties. In solving the problem presented there arose the de- 
velopment difficulties of providing new methods of investigation as 
applied to aircraft, and of training personnel to conduct these in- 
vestigations from a basic knowledge which was extremely meager. 
It was necessary to have a large number of aircraft of the various 
standardized types for radio testing purposes, and this was diflicult, 
owing to the general lack of such craft at the beginning of the war. 
It was also found that in this development work, it was necessary 
to employ pilots who were sympathetic with the radio investigations, 
in order to obtain the most satisfactory results in the shortest pos- 
sible time. 

After the preliminary investigations had been conducted it was 
required that the apparatus pass rapidly from the development to 
the standardization stage. In standardization it was necessary to 
combine compactness, light weight, and simplicity of manufacture 
with ease of control, watertightness, and the highest degree of solid- 
ity to withstand shocks of a widely varying nature. Standardization 
was also attended by the difficulty of its simultaneous application to 
the radio equipment and that of the aircraft itself. 

Installation difficulties were largely solved by the careful choice 
of complete equipments, including all detailed fittings and material 
necessary for a standard installation. The installation work re- 
quired, however. the special training of personnel who would be 
familiar with aircraft so that the general utility would not be im- 
paired. The initial installations were made in a standard manner 
by equipping each plane before it was shipped from the factory. 

The matter of operation also involved the special training of per- 
sonnel. Operating radio apparatus on aircraft is of a very special 
and unusnal nature. The operator must usually work mn a space 
which is more or less restricted and with a large number of condt- 
tions such as motor noise and rough flying, which scriously distract 
his attention from his radio duties. The use of more recent forms 
of apparatus, such as vacuum-tube transmitters, regenerative receiv- 
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ers, and the radio compass, has still further necessitated special 
training. 

Prewar transmitters and receivers.—At the beginning of the war 
the radio equipment for aircraft which had been developed con- 
sisted of a few types of spark transmitters and one-tube transmit- 
ters, all of which had proved rather unreliable, heavy, and bulky. 
The only equipment which appeared at all promising was the spark 
transmitter and receiver designed and manufactured by E. J. Simon, 
New York, N. Y., and illustrated in figure 1. 

A reel was supplied with this set which was made entirely of in- 
sulated material so that tuning of the antenna circuit could be ac- 
complished by the variation of the length of trailing antenna while 
the transmitter was operated. Power was supplied from a propel- 
ler-driven generator mounted on the wing of the airplane, a brake 
being provided to prevent the propeller from revolving when the 
radio set was not in use. This set, completely installed, weighed ap- 
proximately 100 pounds. During the summer of 1917 signals were 
transmitted a distance of 150 nautical miles with this transmitter. 
The receiver employs a single vacuum tube with a regenerative 
circuit. 

Work of aircraft radio laboratory.—Both of these apparatus were 
tested out in their development at the aircraft radio laboratory, 
naval air station, Pensacola, Fla., where, from the beginning of the 
war until January 1, 1918, all development work of this nature was 
conducted under the direction of Expert Radio Aid B. F. Meissner. 
During this period, measurements were made of antenna constants 
on seaplanes, and the directive effect of trailing wire antennas was 
investigated. A very satisfactory intercommunicating system of the 
voice-tube type was developed, together with suitable helmets for the 
pilot and radio operator. The radio compass as apphed to aircraft 
and the use of high-tension ignition magneto as a radio transmitter 
were also investigated. Development of installation fittings, such 
as antenna reels and antenna weights, was also undertaken. 

In May, 1917, the experimental laboratory was moved from the 
station at Pensacola to that at Hampton Roads, Va., and develop- 
ment work was undertaken on a far more extensive scale with a view 
to accomplishing standardization of equipment and quantity pro- 
duction as soon as possible. Great stress was laid also upon the de- 
velopment of vacuum-tube transmitters for telephone use and the 
radio direction finder. And, further, there became available flying 
boats of the latest standardized type, thereby permitting the stand- 
ardization of radio installations. 

The preliminary experimental work at Hampton Roads involved 
a large number of fundamental investigations in connection with 


“HALLIWSNV 


dl Olagva 


Lavaouly- 


L 


‘Old 


' 


> 


Seo 


“‘YNNALNV ONITIVEL L3VYEOXIVY GUVGONVLS—é ‘Ols 


o 


eth 


3 
AU 


1 


PRB 


| 


; 
7 
& 
: 


FlEis Be 


Fis Ho 


120-6 


HISTORY OF ENGINEERING DURING TITE WORLD WAR. 2 1 


rarious details, such as all forms of power generating apparatus, in- 
eluding propellers, storage batteries, generators. and dynamotors, all 
forms of antenna and ground systems, electrical communicating sys- 
tems, helmets, microphones, and the many other units forming a 
part of complete equipments. 

Transmitters.—The principal sets tested at Hampton Roads con- 
sisted of two vacuum-tube transmitters developed by the Western 
Eleetric Co., a vacnum-tube transmitter made by the DeForest Radio 
Telegraph & Telephone Co., and spark transmitters submitted by 
E, J. Simon, New York (designed by L. Israel), and by the National 
Electrical Supply Co. In addition to the above experimental sets. 
there were tested at ITampton Roads all of the present standardized 
aircraft radio equipments for aircraft. A sample of such standard 
equipment is the trailing wire, reel, insulators, and weight, illus- 
trated in figure 2. 

The standard spark transmitting equipments consist of three types. 
The 200-watt type and the 500-watt type are manufactured by the 
International Radio Telegraph Co., and were designed by Mar. F. H. 
Kroger, formerly ehief engineer of that company. These transmit- 
ters represent the most satisfactory spark transmitter of the propeller- 
driven form ever developed for aircraft use. The equipment in each 
ease consists of a radio assembly embodying the main elements of a 
rotary gap transmitter. mounted within a streamline case, as illus- 
trated in figure 3, and a tuning variometer illustrated in figure 4. 
The 200-watt set weighs 65 pounds complete and has a transmitting 
range of 100 nautical miles. The 500-watt set weighs 85 pounds com- 
plete, and on the trans-Atlantic flight was used for communicating 
1.450 miles to land and 500 miles to destrovers. 

Another 500-watt spark transmitter is that manufactured by Cut- 
ting & Washington (Ine.). This set is of the impact excitation type 
and consists essentially of a panel, illustrated in figure 5, and a pro- 
peller-driven generator. 

Of the vacuum-tube transmitters developed for naval aireraft, the 
most satisfactory have been supplied by the General Electric Co. In 
the development of these sets there were utilized three types of tubes— 
a 5-watt output tube using a plate voltage of 3850, a 50-watt output 
tube using a plate voltage of 500 and 1,000, and a 250-watt output 
tube using a plate voltage of 1,500 and 2,000. 

The smallest tube transmitter developed by the General JJectric 
Co. is illustrated in figures 6 and 7, and consists of a combined tele- 
phone transmitter and receiver for use by spotting airplanes for 
directing the fire of battleships within an operating radius of 30 miles. 
The set is very small, and completely installed weighs only 50 pounds. 
Power is supplied from a propeller-driven generator. Another simi- 
lar equipment embodying transmitter only, shown in figures 8 and 9, 
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is operated on a storage battery and has a telegraph range of 100 miles 
in addition to its telephone features. 

The highest power set developed for aircraft is the one illustrated 
in figure 10, whichis operated on a combination of a storage battery 
and a propeller-driven generator; it has a telephone range of 200 
miles and a telegraph range of 400 miles. 

Another type of medium-power tube transmitter developed during 
the war is that shown in figures 11 and 12 and designed by the Mar- 
coni Wireless Telegraph Co. This transmitter has a telegraph range 
of 150 miles and telephone range of 60 miles. 

A low-power vacuum-tube transmitter of 5-watt antenna input 
was designed by the General Radio Co., and was utilized in service 
to a limited extent. Another low-power vacunm-tube transmitter and 
receiver, illustrated in figure 13, was also used. It was manufactured 
by the Western Electric Co. 

A very important advance in connection with telephone trans- 
mitters was that of a suitable microphone transmitter. The best one 
developed, and that which was adopted as standard, is shown in fig- 
ure 14. This transmitter is manufactured by the Magnavox Co., of 
San Francisco. 

Receivers—The reception of radio signals on aircraft is an en- 
tirely different problem from that of any other form of radio re- 
ception. The difficulties encountered may be classified as acoustic 
disturbances, consisting of wind rush, engine noise, and vibrational 
noises, and clectrical disturbances resulting from vibration of 
vacuum tubes and other apparatus, and from induction from engine 
ignition systems. 

The electrical disturbances are provided against by the proper 
design of receiving apparatus, suitable flexible mountings, the shield- 
ing of ignition systems, and so on. The problem of acoustic dis- 
turbances has its solution in the design of a suitable helmet holding 
the radio telephone receivers. Although several helmets had been 
designed for this purpose, none was found satisfactory, and it was 
necessary to design one which would be suitable for the needs of 
the naval service. This helmet is illustrated in figure 15. It is made 
of soft leather with a flannel lining, the central rear seam being 
left open in manufacture to allow for fitting to the head. The main 
feature is the deep soft rubber ear cup which incloses the radio tele- 
phone receiver and fits closely to the head, excluding external noises. 
The helmet is fitted tightly to the head by a strap running around 
the forehead and the back of the neck instead of by a chin strap. 
The design of this helmet was perfected by Lieut. Commander A. H. 
Taylor, U.S. Naval Reserve Force; Lieut. (j. g.) W. R. Davis, U. S. 
Naval Reserve Force; and Ensign C. D, Palmer, U. S. Naval Re- 
serve Force. 
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